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Résumé - (150 mots)
La prise en charge multidisciplinaire du cancer du sein, ainsi que la mise en place de programmes
de dépistage ont augmenté la survie des femmes atteintes. Toutefois, ce gain s’accompagne d’une
augmentation d’effets secondaires à long terme liés au traitement. L’objectif de notre étude était
d’évaluer le risque de développer une leucémie myéloïde aiguë (LMA) chez les 6360 femmes
diagnostiquées d’un cancer du sein à Genève entre 1970 et 1999, en utilisant les données du
Registre Genevois des Tumeurs. Nous avons calculé le rapport standardisé d’incidence de LMA
observée dans la cohorte versus celle attendue dans la population générale, et effectué une
analyse multi-variée selon Cox pour identifier les facteurs associés. Par rapport à la population
générale, les patientes présentaient un risque 3.5 fois plus élevé de développer une LMA. Cette
augmentation du risque était particulièrement marquée chez les femmes de plus de 70 ans et
celles traitées par radiothérapie.
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1Résumé
Le cancer du sein est la tumeur maligne la plus fréquente de la femme. La prise en charge
multidisciplinaire associant la chirurgie, la chimiothérapie, l’hormonothérapie et la
radiothérapie, ainsi que la mise en place de programmes de dépistage ciblés ont
considérablement augmenté la survie des femmes atteintes de cette pathologie. Toutefois, ce
gain de survie s’accompagne d’une augmentation d’effets secondaires à long terme liés au
traitement. En particulier, la survenue de second cancer lié aux traitements adjuvants devient un
problème non négligeable. L’objectif de notre étude était d’évaluer le risque de développer une
leucémie myéloïde aiguë (LMA) chez les femmes traitées pour un cancer du sein à partir des
données du Registre genevois des tumeurs. L’étude a porté sur 6360 patientes, diagnostiquées
entre 1970 et 1999. Nous avons calculé le rapport standardisé d’incidence de LMA observée
dans la cohorte versus celle attendue dans la population générale. Nous avons déterminé les
facteurs liés à la survenue de LMA par une analyse de Cox. Par rapport à la population générale,
les femmes atteintes de cancer du sein présentaient un risque 3.5 fois plus élevé de développer
une LMA. Cette augmentation du risque était particulièrement marquée chez les femmes de plus
de 70 ans et celles traitées par radiothérapie. Vu le faible nombre de patientes traitées de façon
adjuvante par chimiothérapie seule, et à la rareté relative de cette complication, il n’a été
possible de déterminer si la chimiothérapie pouvait être à l’origine d’une partie de l’excès de
risque de LMA secondaire au traitement du cancer du sein.
2Introduction
La survie après le diagnostic d’un cancer n’a cessé d’augmenter depuis le développement de
stratégies thérapeutiques associant chirurgie, chimiothérapie et radiothérapie. L’effet bénéfique
de ces traitements vient s’ajouter à un diagnostic de plus en plus précoce grâce à la
généralisation du dépistage du cancer du sein par la mammographie. Le résultat de ces avancées
diagnostiques et thérapeutiques est un nombre croissant de survivants à long terme après
diagnostic de cancer, qui aux Etats-Unis d’Amérique, selon une étude récente, représente,
cumulativement pour toutes les tumeurs, environ 5% de la population générale.
Les traitements oncologiques et radiothérapeutiques administrés ne sont, malgré les progrès
actuels, pas dénoués d’une toxicité immédiate, ni d’effets secondaires à long terme. La survenue
d’une seconde tumeur est l’un des effets adverses à long terme le plus redouté. La fréquence de
ces cancers secondaires dans nos structures de soins n’a cessé d’augmenter en raison de
l’augmentation continuelle de la population de survivants et de traitements adjuvants de plus en
plus agressifs. Aux USA, les cancers secondaires suite au traitement d’une atteinte néoplasique
primaire représentent jusqu’à 16% des nouveaux diagnostics oncologiques.
Le cas particulier du cancer du sein
En Suisse, comme dans la majorité des pays développés, le cancer du sein est la néoplasie la
plus fréquente de la femme, touchant surtout la population de plus de 50 ans. Sur les dernières
dizaines d’années, son incidence n’a cessé d’augmenter. En revanche, grâce à la généralisation
de la mammographie de dépistage et l’avancée thérapeutique, la mortalité par cancer du sein
commence enfin à baisser. Pourtant, ce cancer reste la première cause de décès chez la femme
3d’âge moyen. A noter, que la situation suisse est exemplaire pour la divergence dans l’évolution
de la mortalité du cancer du sein entre les cantons favorisant le dépistage par la mammographie,
et ceux dans lesquels cette attitude est dépendante uniquement de la bonne volonté des
praticiens.
À Genève, une femme sur 10 vivant jusqu’à 80 ans va développer un cancer du sein. Environ
450 femmes sont nouvellement atteintes chaque année et une soixantaine en décèdent. La survie
à 5 ans après cancer du sein est passée de 65% dans les années soixante-dix à plus de 80%
actuellement.
Aujourd’hui, la très grande majorité des patientes est diagnostiquée à un stade précoce et le
traitement du cancer du sein vise de nos jours à obtenir non plus une rémission mais une
guérison, en combinant une chirurgie conservatrice (minimalement invasive) avec une
radiothérapie complémentaire. La chimiothérapie à agents multiples prè- ou postopératoire
(poly-chimiothérapie adjuvante) s’est démontrée efficace dans la réduction des rechutes et de la
mortalité du cancer du sein et son indication ne cesse de croître même lors de diagnostic
précoce, en particulier chez les femmes jeunes.
Toutefois, les nettes améliorations dans la survie des patientes atteintes d’un cancer du sein
comportent comme prévu l’apparition de complications à long terme des traitements
administrés. Si la survie s’améliore, la qualité de cette survie n’est de loin pas toujours optimale.
Les progrès thérapeutiques ne se sont pas encore accompagnés de progrès similaires en matière
de qualité de vie et les effets adverses des traitements à court et à long terme se font de plus en
plus ressentir. Leurs impacts peuvent aller de « simple » problème esthétique à des effets
adverses mortels comme l’apparition de seconde tumeur.
Ce risque croissant d’effets adverses liés aux nombres croissant de survivants à long terme et à
une agressivité thérapeutique de plus en plus importante motive une réflexion quant à la prise en
4charge thérapeutique des patientes avec cancer du sein. En particulier pour les patientes
présentant a priori un cancer de bon pronostic, une réduction de doses médicamenteuses ou des
rayons pourraient induire une nette optimisation du rapport entre risque et bénéfice du
traitement primaire du cancer du sein.
Le cas particulier des leucémies secondaires au traitement d’un cancer du sein
Le traitement combiné par chimio- et radiothérapie a été incriminé dans la littérature récente
comme pouvant être à l’origine de cancers secondaires non seulement chez l’enfant mais aussi
chez l’adulte. En particulier, plusieurs études rétrospectives ont suggéré que certaines des
médications prescrites pour traiter le cancer du sein pourraient être leucémogènes. Un des
problèmes majeurs lors de l’étude de la relation entre un traitement anti-cancéreux et la
survenue de cancers secondaires est de pouvoir exclure d’autres causes telles que celles liées
aux habitudes du patient (tabac, alcool, exposition solaire, alimentation, autres médications,
etc.), à son environnement (pollution, exposition professionnelle, etc.) et aux prédispositions
génétiques individuelles (polymorphismes génétiques, gènes de réparation, etc.).
Les leucémies et les myélodysplasies sont les complications les plus connues et les mieux
étudiées d’une thérapie médicamenteuse à base d’agents alkylants, comme le sont le melphalan,
ou les inhibiteurs de la topoisomerase II, dont font partie les epopodophyllotoxines. Pour le
cancer du sein, des études ont montré que d’autres inhibiteurs de la topoisomérase II dont les
anthracyclines et la mitoxantrone pourraient aussi avoir un potentiel leucémogène. La
mitoxantrone a été introduite à Genève dans les années 80 et principalement prescrite par les
oncologues du secteur privé. Ce médicament présente en effet le grand avantage d’être bien
toléré par les patientes et d’être moins souvent à l’origine d’alopécie secondaire. Concernant le
pouvoir mutagène de la radiothérapie, de nombreuses études tendent à le confirmer non
seulement pour les tumeurs lympho-hématopoïétiques mais aussi pour les tumeurs solides.
5Toutefois, le risque de second cancer induit par le traitement de radiothérapie ou de
chimiothérapie administré pour traiter le cancer du sein est encore loin d’être établi et une
surveillance rigoureuse s’impose, en particulier pour évaluer les effets adverses potentiels des
nouvelles thérapies ou combinaisons de thérapies.
La situation à Genève de 1970 à 2000
Notre étude avait pour objectif de déterminer le risque de leucémie myéloïde aiguë (LMA) et
d’établir les facteurs à l’origine de cette augmentation du risque chez les femmes traitées pour
un cancer du sein. Nous avons étudié l’ensemble des femmes diagnostiqué avec un cancer du
sein dans le Canton de Genève entre 1970 et 1999. Le risque a été calculé en faisant le rapport
standardisé entre le taux d’incidence observé dans cette cohorte de patientes et le taux attendu
dans la population générale. Le facteur pouvant modifier ce risque de seconde tumeur a été
étudié à l’aide d’un modèle multivarié de Cox.
Douze patientes (0.2%) ont développé une LMA après un cancer du sein. Le risque de
développer une LMA chez ces femmes était 3.5 fois plus élevé (intervalle de confiance à 95% :
1.8-6.0) que dans la population générale. En particulier, les femmes de plus de 70 ans ainsi que
celles ayant reçu un traitement par radiothérapie (avec ou sans chimiothérapie) ont présenté un
risque particulièrement accru de développer cette complication hématologique post-traitement.
Cette étude populationnelle confirme qu’un traitement par radiothérapie dans le contexte d’un
cancer du sein augmente le risque de développer une LMA à long terme. Vu le faible nombre de
patientes traitées de façon adjuvante uniquement par chimiothérapie, et à la rareté relative de
cette complication, il n’a été possible d’identifier si la chimiothérapie pouvait être à l’origine de
tout ou partie de cet excès de risque. En effet, seules 649 patients (10%) ont reçu un traitement
uniquement par chimiothérapie.
6Dans cette étude, nous avons par ailleurs pu observer que seule les patientes traitées dans le
secteur sanitaire privé, le seul à utiliser de la mitoxantrone,  présentaient un excès de risque de
développer une LMA, et cela en comparaison des patientes traitées dans le secteur public. Cette
différence entre secteurs de soins n’était statistiquement qu’à la limite de la signification, mais
nous sommes d’avis que ceci pourrait être un indicateur d’un potentiel lien entre une
chimiothérapie avec mitoxantrone et le développement d’une LMA .
Le Registre genevois des tumeurs ne récoltant pas d’informations supplémentaires sur les types
de médicaments (posologie, galénique), nous n’avons pas pu étudier le risque lié à l’usage
d’autres agents chimiothérapeutiques employés en routine dans les deux secteurs privé et
publique de notre système de santé, qui auraient également pu moduler le risque de développer
une LMA post-traitement d’un cancer du sein.
Un autre résultat particulièrement intéressant de cette étude est la diminution de l’intervalle
entre le diagnostic d’un cancer du sein et l’apparition d’une LMA au cours des années. Cet
intervalle était  de presque 12 ans vers les années 1970 et de seulement 2.5 ans pour la période
la plus récente. Cette observation doit être interprétée avec prudence au vu de la courte période
d’observation et de suivi des patientes traitées dans la dernière dizaine d’années. En effectuant
une analyse de sensitivité statistique par l’addition artificielle de cas factices avec une période
de suivi prolongé, il reste néanmoins que la corrélation entre l’année du diagnostic du cancer du
sein et l’intervalle libre avant le développement d’une LMA secondaire reste hautement
significative. Cette donnée doit motiver une surveillance clinique et épidémiologique accrue de
l’évolution des patientes après le traitement d’un cancer du sein, ainsi que de l’apparition de
malignités hématologiques secondaires dans cette population. En effet, il n’est pas possible
d’exclure que les modifications dans les stratégies thérapeutiques au cours des récentes années
soient la cause de ce délai réduit entre le diagnostic initial et la tumeur secondaire. Il serait
7également intéressant d’étudier cette diminution en la corrélant avec des données cliniques et
environnementales.
La conclusion de notre étude est qu’une radiothérapie associée ou non à une chimiothérapie
dans le traitement d’un cancer du sein augmente le risque de développer une LMA. D’autre part,
cette étude suggère que les nouvelles thérapeutiques comme la mitoxantrone sont probablement
aussi à l’origine de cet excès de risque.
Les cancers secondaires induits par les agents anticancéreux représentent un défi important pour
les oncologues et un drame humain particulièrement important pour les survivants d’un premier
cancer. Il est important de développer la recherche dans ce domaine et de trouver des
traitements non seulement de plus en plus efficaces contre une atteinte primaire, mais aussi
dénudés d’effets oncogéniques secondaires. Il s’agit également de sensibiliser la population des
soignants à de tels événements dans la population des survivants d’un cancer et d’établir à
travers les registres des tumeurs une surveillance attentive des effets adverses des anciens et des
nouveaux traitements, à court, moyen, long, et très long terme.
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9Summary
This study evaluates the risk of AML in patients treated for breast cancer.
We included all 6360 breast cancer patients that were recorded at the Geneva Cancer Registry
between 1970 and 1999. Patients were followed for AML occurrence until December 2000. We
calculated standardized incidence ratios of AML and identified factors modifying the risk of
AML by multivariate Cox analysis.
Twelve (0.2%) patients developed AML. In general, patients treated for breast cancer had a 3.5-
fold (95% CI: 1.8–6.0) increased risk of developing AML compared with the general
population. In particular, patients who were older than 70 years at breast cancer diagnosis and
those treated with radiotherapy (with or without chemotherapy) had a significantly increased
risk of developing AML.
This population-based study confirms that radiotherapy increases the risk of AML. Due to the
relatively low number of women treated with chemotherapy without radiotherapy and due to the
infrequency of the disease, the question of whether chemotherapy alone increases this risk of
AML cannot yet be answered.
Keywords: acute myeloid leukaemia; breast cancer; cancer registry; chemotherapy;
radiotherapy.
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Introduction
In Switzerland, as well as in most developed countries, breast cancer is a major public-health
concern. It is the most frequent cancer among women and the leading cause of death among
middle-aged women. Early detection by mammography screening and improvement of
therapeutic options have increased breast cancer survival rates.1 As a consequence, late side
effects of breast cancer treatment become ever more important.
Patients who have been treated for breast cancer are at increased risk of developing
leukaemia.2,3 This increased risk has been reported to be strongly related to the use of
radiotherapy, in combination with chemotherapy.2,4 However, there is an ongoing debate
concerning the importance of chemotherapeutic agents as supplementary risk factors.
Randomized trials and population-based studies show conflicting results on this issue.5,6
In particular, the role of mitoxantrone in acute myeloid leukaemia (AML) occurrence has been
widely debated over recent years. The results of a population-based study by Chaplain et al.
suggest that a dose-dependent relationship exists between mitoxantrone and the development of
AML.7 The population-based Geneva Cancer Registry, Switzerland, recently estimated the
proportion of breast cancer patients treated with mitoxantrone. Among all breast cancer patients
treated with chemotherapy in 1982, none received mitoxantrone. In 1996, this proportion
increased to 29% (data not published). This survey also showed that mitoxantrone was
exclusively prescribed in the private sector and never in public hospitals.
The purpose of the current population-based study was to evaluate the risk of AML in patients
treated for breast cancer in Geneva. In addition, we examined which factors modified the risk of
AML.
Materials and methods
Data were derived from the Geneva Cancer Registry’s dataset, which includes information
regarding all incident cases of malignant neoplasms occurring in the canton (approximately
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420,000 inhabitants). The registration is based on several sources of information and is highly
accurate, as attested by its low percentage (<1%) of cases recorded from death certificates only.8
Individual clinical files from the university hospitals are systematically consulted and inquiry
forms are regularly sent out to physicians for patients treated in the private sector. Recorded
data include socio-demographic characteristics, tumour characteristics coded according to the
International Classification of Diseases for Oncology (ICD-O), stage at diagnosis and therapy
during the first 6 months after diagnosis.9
All resident women with histologically confirmed primary invasive breast cancer recorded at the
Geneva Cancer Registry between 1970 and 1999 were included. Patients with previous invasive
cancer, except non-melanoma skin cancer, were excluded. Patients were followed for second
tumour occurrence until December 2000. For this study, we considered microscopically proven
leukaemia, occurring at least 6 months after the breast cancer diagnosis. AML (ICD-O code
9861/3) was examined separately.
Standardized incidence ratios (SIRs) of subsequent leukaemia/AML were calculated by dividing
the number of observed cases by the number of expected cases.10 To calculate the expected
cases, we applied the Geneva female leukaemia incidence rates (by 5-year periods and age
groups) to the cohort.
Factors significantly and independently associated with the development of AML were
identified by multi-adjusted Cox proportional hazard analysis. As the exact type of
chemotherapy was not routinely available, a possible effect of mitoxantrone was estimated by
comparing the risk of patients developing AML who were receiving adjuvant therapy in the
private versus the public sector. The rationale behind this approach was that mitoxantrone was
exclusively used in private healthcare practices in Geneva.
To evaluate how many AML cases could potentially be attributed to the use of mitoxantrone,
additional information on all patients with AML was extracted from medical files. We retrieved
information on type and dose of chemotherapy and radiotherapy. In addition, we verified
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whether or not patients had been treated for local or distant recurrences. The relationship
between year of breast cancer diagnosis and interval between breast cancer diagnosis and onset
of AML was evaluated using the Pearson’s test for correlation.
Results
Between January 1970 and December 1999, 6360 women were diagnosed with breast cancer.
The median follow-up period of these women was 6.6 years. Between July 1970 and December
2000, 12 women developed AML, 6 developed chronic lymphocytic leukaemia, 3 had acute
lymphoid leukaemia, 3 had chronic myeloid leukaemia, 1 had myelomonocytic leukaemia and 1
had lymphoblastic leukaemia. Compared with the general population, breast cancer patients
were at a 3.5-fold increased risk (95% confidence interval (CI): 1.79–6.04) of developing AML
(Table 1). The risk of developing another type of leukaemia was not significantly increased.
Table 2 shows that patients diagnosed with breast cancer after the age of 70 years had a highly
increased risk of developing AML compared with younger women (Hazard Ratio (HR) 28.2;
95% CI: 3.6–236.5). The risk of developing AML was higher in women treated for breast
cancer in the private sector, but this result was only borderline significant. Patients who were
diagnosed after 1990 had a slightly increased risk of developing AML, but this result was not
significant. The risk of developing AML was increased by four-fold when radiotherapy
treatment was received (HR 4.0; 95% CI: 1.4–11.8) and increased by seven-fold when
radiotherapy with chemotherapy treatment was received (HR 7.2; 95% CI: 1.4–36.3). As there
were relatively few patients who received chemotherapy without radiotherapy (n=649) and none
of these patients developed AML, the risk conferred by chemotherapy only could not be
calculated. Use of hormonal therapy did not modify the risk of developing AML.
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Table 3 lists the exact types of AML, the detailed treatments received by the 12 AML patients,
and the interval between breast cancer diagnosis and onset of AML. Among the six patients
diagnosed with breast cancer before 1981, none developed AML within 5 years, whereas four of
the six cases that were diagnosed with breast cancer after 1985 developed AML within 5 years.
Of the 12 patients who developed AML, only one was treated with mitoxantrone.
Figure 1 shows that the interval between breast cancer diagnosis and onset of AML decreases
over time (r2=0.527, p<0.001). For patients with breast cancer that was diagnosed between 1970
and 1979, the mean period of onset of AML was 11.6 years; for patients with breast cancer that
was diagnosed between 1980 and 1989, the mean period was 7 years; and for patients with
breast cancer that was diagnosed between 1990 and 1999, the mean period was 2.5 years. This
correlation remained significant after elimination of the outlier (breast cancer diagnosed in
1976, interval of 21 years).
Discussion
This study shows that patients treated for breast cancer have an increased risk of developing
AML compared with the general female population. This risk was particularly high for patients
who underwent radiotherapy (HR: 4.0; 95% CI: 1.4–11.8) and radiotherapy plus chemotherapy
(HR 7.2; 95% CI: 1.4–36.3). Although the relative risk of developing AML is high in patients
treated for breast cancer, the absolute number of patients developing this highly fatal condition
is fortunately low.
This study supports previous studies, reporting an increased risk of AML in patients treated for
breast cancer.3–5,7,11 Several publications have suggested that chemotherapeutic regimens
containing alkylating agents such as mitoxantrone put patients at a further increased risk of
developing AML.12–15 In contrast, a more recent study found no evidence for this.5 Our study
confirms that radiotherapy increases the risk of AML and suggests that addition of
chemotherapy to radiotherapy increases this risk even further. Only 649 (10%) patients were
treated with chemotherapy without radiotherapy. Due to this low number of cases and the rarity
14
of AML, we can neither confirm nor exclude a relationship between the use of chemotherapy
alone and AML occurrence.
Women treated in the private sector had a 2.5-fold increased risk (borderline significant) of
developing AML. The fact that mitoxantrone was exclusively used in the private sector may
suggest that there is a relationship between mitoxantrone and AML occurrence. However, only
one patient who developed AML received mitoxantrone. This low number, in addition to the
fact that this patient received radiotherapy as well as mitoxantrone, does not allow us to confirm
or exclude a relationship between mitoxantrone and AML.
Unfortunately, the Geneva Cancer Registry does not contain information on other potentially
risky chemotherapeutic agents (i.e. alkylating agents or topoisomerase inhibitors) that are used
in both the public and private sectors, and that could also have increased the risk of AML. In
addition, we do not have details on given treatments, so we were unable to investigate the
possible impact of cumulative doses and dose intensity.
Other studies have also suggested a leukemogenic effect of mitoxantrone for breast cancer
treatment. Among the 59 early breast cancer patients treated with mitoxantrone (in combination
with methotrexate with/without mitomycin), two patients developed AML after a median
follow-up of 72 months.14 Saso et al. reported a 10-fold increased risk of developing AML or
myelodysplastic syndrome in breast cancer patients who were treated with mitoxantrone
compared with the general population.15
Another interesting observation of the current study was the shortening of the interval between
breast cancer diagnosis and onset of AML over time — from almost 12 years in the early years
of the study to 2.5 years in the most recent period. Of course, these observations have to be
interpreted with caution, because the follow-up of the recently treated patients may be shorter
that the expected time to development of secondary leukaemia (particularly, radiation-induced
leukaemia). However, during a sensitivity analysis (artificially adding fictitious cases with a
long interval between breast cancer diagnosis and onset of AML to the more recent years), the
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correlation between year of diagnosis and interval remained highly significant. As change in
therapeutic options or chemical agents over time could explain the shortened delay of AML
occurrence, we need to maintain a careful surveillance of the evolution of long- and short-term
risks of leukaemia in breast cancer patients.
Conclusion
Radiotherapy with or without chemotherapy for the treatment of breast cancer increases the risk
of developing AML. The question of whether chemotherapy alone increases this risk of AML
remains to be explored. Physicians should be aware of the potential long-term hematological
complications of radiotherapy and/or chemotherapy for primary breast cancer.
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Table 1. Risk of leukaemia among 6360 women treated for invasive breast cancer compared
with the general population by histological type. Geneva Cancer Registry, 1970–2000.
Observed cases
n
Expected cases
n
SIR (95% CI)
Acute myeloid leukaemia 12 3.47 3.46* (1.79–6.04)
Chronic lymphocytic leukaemia 6 5.94 1.01 (0.37–2.17)
Other ** 8 4.32 1.85 (0.80–3.64)
CI: confidence interval; SIR: standardized incidence ratio
* p<0.05
** Including three cases of acute lymphoid leukaemia, three cases of chronic myeloid
leukaemia, one case of myelomonocytic leukaemia and one case of lymphoblastic leukaemia
21
 Table 2. Hazard ratio’s for development of acute myeloid leukaemia in 6360 women treated for
invasive breast cancer.
AML after breast
cancer treatment
Multi-adjusted risk a
Yes
n = 12
No
n = 6348
HR (95% CI)
Adjuvant therapy
   None 3 2289 1 b
   Radiotherapy alone 7 2292 4.0 (1.4–11.8)*
   Radiotherapy +
chemotherapy
2 1118 7.2 (1.4–36.3)*
   Chemotherapy alone 0 649 –
AML: acute myeloid leukaemia; CI: confidence interval; HR: Hazard Ratio; a adjusted for age
(continuous), sector of care, use of radiotherapy/chemotherapy, tamoxifen and period of breast
cancer diagnosis; b reference category. * p<0.05; ** p<0.01.
Table 3. Detailed breast cancer treatment of patients who developed acute myeloid leukaemia
Year of breast
cancer diagnosis
FAB classification
AML
Radiotherapy Chemotherapy Tamoxife
n
Delay a
(months)
1 1972 AML after MDS No No No 11
2 1974 M1 No No No 11
3 1975 M4 Yes (type unknown) No No 8
4 1976 Unknown Regional No Yes 21
5 1977 M4 Regional No No 7
6 1980 M2 Bone metastases No Yes 11
7 1986 M3 Regional No No 2
8 1989 M1 Breast only Cyclophosphamide,
MTX, 5FU
No 8
9 1992 M4 Breast only Cyclophosphamide,
Mitoxantrone, 5FU
No 3
10 1992 M4 Breast only No No 2
11 1996 M0 Regional No Yes 4
12 1999 AML after MDS No No Yes 1
a  Delay between breast cancer diagnosis and onset of acute myeloid leukaemia;
AML: acute myeloid leukaemia; MDS: myelodysplastic syndrome; MTX, methotrexate, 5FU,
5-Fluorouracil; Regional, radiotherapy on breast, axilla, subclavicular lymph nodes and internal
mammary lymph nodes
FAB: French–American–British classification; M0: undifferentiated AML; M1: myeloblastic
leukaemia with minimal maturation; M2: myeloblastic leukaemia with maturation; M3:
promyelocytic leukaemia; M4: myelomonocytic leukaemia
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Figure 1. Interval in years between breast cancer and onset of acute myeloid leukaemia according to
year of breast cancer diagnosis.
R2 : correlation between year of breast cancer diagnosis and delay between breast cancer
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.Summary This study evaluates the risk of acute myeloid leukaemia (AML) in
patients treated for breast cancer.
We included all 6360 breast cancer patients that were recorded at the Geneva
Cancer Registry between 1970 and 1999. Patients were followed for AML occurrence
until December 2000. We calculated standardized incidence ratios of AML and
identified factors modifying the risk of AML by multivariate Cox analysis.
Twelve (0.2%) patients developed AML. In general, patients treated for breast
cancer had a 3.5-fold (95% confidence interval (CI): 1.8–6.0) increased risk of
developing AML compared with the general population. In particular, patients who
were older than 70 years at breast cancer diagnosis and those treated with
radiotherapy (with or without chemotherapy) had a significantly increased risk of
developing AML.
This population-based study confirms that radiotherapy increases the risk of AML.
Due to the relatively low number of women treated with chemotherapy without
radiotherapy and due to the infrequency of the disease, the question of whether
chemotherapy alone increases this risk of AML cannot yet be answered.
& 2005 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserve
379 49 50;
rdymagnin@imsp.unige.chIntroduction
In Switzerland, as well as in most developed
countries, breast cancer is a major public-health
concern. It is the most frequent cancer amongd.
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middle-aged women. Early detection by mammo-
graphy screening and improvement of therapeutic
options have increased breast cancer survival
rates.1 As a consequence, late side effects of
breast cancer treatment become ever more im-
portant.
Patients who have been treated for breast cancer
are at increased risk of developing leukaemia.2,3
This increased risk has been reported to be strongly
related to the use of radiotherapy, in combination
with chemotherapy.2,4 However, there is an ongoing
debate concerning the importance of chemother-
apeutic agents as supplementary risk factors.
Randomized trials and population-based studies
show conflicting results on this issue.5,6
In particular, the role of mitoxantrone in acute
myeloid leukaemia (AML) occurrence has been
widely debated over recent years. The results of
a population-based study by Chaplain et al. suggest
that a dose-dependent relationship exists between
mitoxantrone and the development of AML.7 The
population-based Geneva Cancer Registry, Switzer-
land, recently estimated the proportion of breast
cancer patients treated with mitoxantrone. Among
all breast cancer patients treated with chemother-
apy in 1982, none received mitoxantrone. In 1996,
this proportion increased to 29% (data not pub-
lished). This survey also showed that mitoxantrone
was exclusively prescribed in the private sector and
never in public hospitals.
The purpose of the current population-based
study was to evaluate the risk of AML in patients
treated for breast cancer in Geneva. In addition,
we examined which factors modified the risk
of AML.Materials and methods
Data were derived from the Geneva Cancer
Registry’s dataset, which includes information
regarding all incident cases of malignant neoplasms
occurring in the canton (approximately 420,000
inhabitants). The registration is based on several
sources of information and is highly accurate, as
attested by its low percentage (o1%) of cases
recorded from death certificates only.8 Individual
clinical files from the university hospitals are
systematically consulted and inquiry forms are
regularly sent out to physicians for patients treated
in the private sector. Recorded data include socio-
demographic characteristics, tumour characteris-
tics coded according to the International Classifica-
tion of Diseases for Oncology (ICD-O), stage atdiagnosis and therapy during the first 6 months
after diagnosis.9
All resident women with histologically confirmed
primary invasive breast cancer recorded at the
Geneva Cancer Registry between 1970 and 1999
were included. Patients with previous invasive
cancer, except non-melanoma skin cancer, were
excluded. Patients were followed for second
tumour occurrence until December 2000. For this
study, we considered microscopically proven leu-
kaemia, occurring at least 6 months after the
breast cancer diagnosis. AML (ICD-O code 9861/3)
was examined separately.
Standardized incidence ratios (SIRs) of subse-
quent leukaemia/AML were calculated by dividing
the number of observed cases by the number of
expected cases.10 To calculate the expected cases,
we applied the Geneva female leukaemia incidence
rates (by 5-year periods and age groups) to the
cohort.
Factors significantly and independently asso-
ciated with the development of AML were identi-
fied by multi-adjusted Cox proportional hazard
analysis. As the exact type of chemotherapy was
not routinely available, a possible effect of
mitoxantrone was estimated by comparing the risk
of patients developing AML who were receiving
adjuvant therapy in the private versus the public
sector. The rationale behind this approach was that
mitoxantrone was exclusively used in private
healthcare practices in Geneva.
To evaluate how many AML cases could poten-
tially be attributed to the use of mitoxantrone,
additional information on all patients with AML was
extracted from medical files. We retrieved infor-
mation on type and dose of chemotherapy and
radiotherapy. In addition, we verified whether or
not patients had been treated for local or distant
recurrences. The relationship between year of
breast cancer diagnosis and interval between
breast cancer diagnosis and onset of AML was
evaluated using the Pearson’s test for correlation.Results
Between January 1970 and December 1999, 6360
women were diagnosed with breast cancer. The
median follow-up period of these women was 6.6
years. Between July 1970 and December 2000, 12
women developed AML, six developed chronic
lymphocytic leukaemia, three had acute lymphoid
leukaemia, three had chronic myeloid leukaemia,
one had myelomonocytic leukaemia and one
had lymphoblastic leukaemia. Compared with the
general population, breast cancer patients were at
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(CI): 1.79–6.04) of developing AML (Table 1). The
risk of developing another type of leukaemia was
not significantly increased.
Table 2 shows that patients diagnosed with
breast cancer after the age of 70 years had a
highly increased risk of developing AML compared
with younger women (hazard ratio (HR) 28.2; 95%
CI: 3.6–236.5). The risk of developing AML was
higher in women treated for breast cancer in the
private sector, but this result was only borderlineTable 1 Risk of leukaemia among 6360 women treated
population by histological type. Geneva Cancer registry, 1
Observed cases, n
Acute myeloid leukaemia 12
Chronic lymphocytic leukaemia 6
Othery 8
CI: confidence interval; SIR: standardized incidence ratio.
Po0.05.
yIncluding three cases of acute lymphoid leukaemia, three case
leukaemia and one case of lymphoblastic leukaemia.
Table 2 Hazard ratio’s for development of acute myeloid
cancer.
AML after breast cancer tr
Yes, n ¼ 12 No, n ¼
Age group (year)
o50 1 1609
50–69 3 2888
70+ 8 1851
Sector of follow-up
Public 5 3269
Private 7 3079
Adjuvant therapy
None 3 2289
Radiotherapy alone 7 2292
Radiotherapy+chemotherapy 2 1118
0 649
Tamoxifen
No (or unknown) 10 4535
Yes 2 1813
Period of breast cancer diagnosis
1970–1989 8 3710
1990–1999 4 2638
AML: acute myeloid leukaemia; CI: confidence interval; HR: haza
Adjusted for age (continuous), sector of care, use of radiothe
diagnosis.
yReference category.
zPo0.01.
yPo0.05.significant. Patients who were diagnosed after 1990
had a slightly increased risk of developing AML, but
this result was not significant. The risk of develop-
ing AML was increased by four-fold when radio-
therapy treatment was received (HR 4.0; 95% CI:
1.4–11.8) and increased by seven-fold when radio-
therapy with chemotherapy treatment was re-
ceived (HR 7.2; 95% CI: 1.4–36.3). As there were
relatively few patients who received chemotherapy
without radiotherapy ðn ¼ 649Þ and none of these
patients developed AML, the risk conferred byfor invasive breast cancer compared with the general
970–2000.
Expected cases, n SIR (95% CI)
3.47 3.46 (1.79–6.04)
5.94 1.01 (0.37–2.17)
4.32 1.85 (0.80–3.64)
s of chronic myeloid leukaemia, one case of myelomonocytic
leukaemia in 6360 women treated for invasive breast
eatment HR (95% CI)
6348 Age-adjusted risk Multi-adjusted risk
1y 1y
2.3 (0.9–49.5) 6.9 (0.9–57.6)
16.4 (2.1–131.1)z 28.2 (3.6–236.5)z
1y 1y
2.8 (1.0–7.2)y 2.5 (1.0–6.7)
1y 1y
1.9 (0.7–5.1) 4.0 (1.4–11.8)y
1.7 (0.4–6.9) 7.2 (1.4–36.3)y
— —
1y 1y
1.0 (0.3–3.0) 0.7 (0.2–2.7)
1y 1y
1.6 (0.6–4.8) 1.4 (0.4–4.8)
rd ratio.
rapy/chemotherapy, tamoxifen and period of breast cancer
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Table 3 Detailed breast cancer treatment of patients who developed acute myeloid leukaemia.
Year of breast
cancer diagnosis
FAB classification
AML
Radiotherapy Chemotherapy Tamoxifen Delay
(months)
1 1972 AML after MDS No No No 11
2 1974 M1 No No No 11
3 1975 M4 Yes (type unknown) No No 8
4 1976 Unknown Regional No Yes 21
5 1977 M4 Regional No No 7
6 1980 M2 Bone metastases No Yes 11
7 1986 M3 Regional No No 2
8 1989 M1 Breast only Cyclophosphamide,
MTX, 5FU
No 8
9 1992 M4 Breast only Cyclophosphamide,
Mitoxantrone, 5FU
No 3
10 1992 M4 Breast only No No 2
11 1996 M0 Regional No Yes 4
12 1999 AML after MDS No No Yes 1
AML: acute myeloid leukaemia; MDS: myelodysplastic syndrome; MTX, methotrexate, 5FU, 5-Fluorouracil; Regional,
radiotherapy on breast, axilla, subclavicular lymph nodes and internal mammary lymph nodes.
FAB: French–American–British classification; M0: undifferentiated AML; M1: myeloblastic leukaemia with minimal maturation;
M2: myeloblastic leukaemia with maturation; M3: promyelocytic leukaemia; M4: myelomonocytic leukaemia.
Delay between breast cancer diagnosis and onset of acute myeloid leukaemia.
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Figure 1 Interval in years between breast cancer and
onset of acute myeloid leukaemia according to year of
breast cancer diagnosis. R2: correlation between year of
breast cancer diagnosis and delay between breast cancer.
Increased risk of AML after treatment for breast cancer 617chemotherapy only could not be calculated. Use of
hormonal therapy did not modify the risk of
developing AML.
Table 3 lists the exact types of AML, the detailed
treatments received by the 12 AML patients, and
the interval between breast cancer diagnosis
and onset of AML. Among the six patients diagnosed
with breast cancer before 1981, none developed
AML within 5 years, whereas four of the six cases
that were diagnosed with breast cancer after 1985
developed AML within 5 years. Of the 12 patients
who developed AML, only one was treated with
mitoxantrone.
Figure 1 shows that the interval between breast
cancer diagnosis and onset of AML decreases over
time ðr2 ¼ 0:527; Po0:001Þ. For patients with breast
cancer that was diagnosed between 1970 and 1979,
the mean period of onset of AML was 11.6 years; for
patients with breast cancer that was diagnosed
between 1980 and 1989, the mean period was
7 years; and for patients with breast cancer that
was diagnosed between 1990 and 1999, the mean
period was 2.5 years. This correlation remained
significant after elimination of the outlier (breast
cancer diagnosed in 1976, interval of 21 years).Discussion
This study shows that patients treated for breast
cancer have an increased risk of developing AML
compared with the general female population. Thisrisk was particularly high for patients who under-
went radiotherapy (HR 4.0; 95% CI: 1.4–11.8) and
radiotherapy plus chemotherapy (HR 7.2; 95% CI:
1.4–36.3). Although the relative risk of developing
AML is high in patients treated for breast cancer,
the absolute number of patients developing this
highly fatal condition is fortunately low.
This study supports previous studies, reporting an
increased risk of AML in patients treated for breast
cancer.3–5,7,11 Several publications have suggested
that chemotherapeutic regimens containing alky-
lating agents such as mitoxantrone put patients at a
further increased risk of developing AML.12–15 In
contrast, a more recent study found no evidence
for this.5 Our study confirms that radiotherapy
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of chemotherapy to radiotherapy increases this risk
even further. Only 649 (10%) patients were treated
with chemotherapy without radiotherapy. Due to
this low number of cases and the rarity of AML, we
can neither confirm nor exclude a relationship
between the use of chemotherapy alone and AML
occurrence.
Women treated in the private sector had a 2.5-
fold increased risk (borderline significant) of
developing AML. The fact that mitoxantrone was
exclusively used in the private sector may suggest
that there is a relationship between mitoxantrone
and AML occurrence. However, only one patient
who developed AML received mitoxantrone. This
low number, in addition to the fact that this patient
received radiotherapy as well as mitoxantrone,
does not allow us to confirm or exclude a relation-
ship between mitoxantrone and AML.
Unfortunately, the Geneva Cancer Registry does
not contain information on other potentially risky
chemotherapeutic agents (i.e., alkylating agents or
topoisomerase inhibitors) that are used in both the
public and private sectors, and that could also have
increased the risk of AML. In addition, we do not
have details on given treatments, so we were
unable to investigate the possible impact of
cumulative doses and dose intensity.
Other studies have also suggested a leukemo-
genic effect of mitoxantrone for breast cancer
treatment. Among the 59 early breast cancer
patients treated with mitoxantrone (in combination
with methotrexate with/without mitomycin), two
patients developed AML after a median follow-up
of 72 months.14 Saso et al. reported a 10-fold
increased risk of developing AML or myelodysplastic
syndrome in breast cancer patients who were
treated with mitoxantrone compared with the
general population.15
Another interesting observation of the current
study was the shortening of the interval between
breast cancer diagnosis and onset of AML over
time—from almost 12 years in the early years of
the study to 2.5 years in the most recent period. Of
course, these observations have to be interpreted
with caution, because the follow-up of the recently
treated patients may be shorter than the expected
time to development of secondary leukaemia
(particularly, radiation-induced leukaemia). How-
ever, during a sensitivity analysis (artificially adding
fictitious cases with a long interval between breast
cancer diagnosis and onset of AML to the more
recent years), the correlation between year of
diagnosis and interval remained highly significant.
As change in therapeutic options or chemical
agents over time could explain the shortened delayof AML occurrence, we need to maintain a careful
surveillance of the evolution of long- and short-
term risks of leukaemia in breast cancer patients.Conclusion
Radiotherapy with or without chemotherapy for the
treatment of breast cancer increases the risk of
developing AML. The question of whether che-
motherapy alone increases this risk of AML remains
to be explored. Physicians should be aware of the
potential long-term hematological complications of
radiotherapy and/or chemotherapy for primary
breast cancer.Acknowledgements
The authors thank Stina Blagojevic for her technical
help and editorial assistance.
H.M. Verkooijen was financially supported by a
PROSPER grant from the Swiss National Science
Foundation.References
1. Blanks RG, Moss SM, McGahan CE, Quinn MJ, Babb PJ. Effect
of NHS breast screening programme on mortality from breast
cancer in England and Wales, 1990–8: comparison of
observed with predicted mortality. BMJ 2000;321:665–9.
2. Curtis RE, Boice Jr JD, Stovall M, et al. Risk of leukemia after
chemotherapy and radiation treatment for breast cancer.
N Engl J Med 1992;326:1745–51.
3. Rubino C, De Vathaire F, Diallo I, Shamsaldin A, Le MG.
Increased risk of second cancers following breast cancer:
role of the initial treatment. Breast Cancer Res Treat 2000;
61:183–95.
4. Smith RE, Bryant J, DeCillis A, Anderson S. Acute myeloid
leukemia and myelodysplastic syndrome after doxorubicin-
cyclophosphamide adjuvant therapy for operable breast
cancer: the National Surgical Adjuvant Breast and Bowel
Project Experience. J Clin Oncol 2003;21:1195–204.
5. Bernard-Marty C, Mano M, Paesmans M, et al. Second
malignancies following adjuvant chemotherapy: 6-year
results from a Belgian randomized study comparing cyclo-
phosphamide, methotrexate and 5-fluorouracil (CMF) with
an anthracycline-based regimen in adjuvant treatment of
node-positive breast cancer patients. Ann Oncol 2003;14:
693–8.
6. Kaplan HG, Malmgren JA, Atwood M. Leukemia incidence
following primary breast carcinoma treatment. Cancer 2004;
101:1529–36.
7. Chaplain G, Milan C, Sgro C, Carli PM, Bonithon-Kopp C.
Increased risk of acute leukemia after adjuvant chemother-
apy for breast cancer: a population-based study. J Clin Oncol
2000;18:2836–42.
8. Bouchardy C, Switzerland, Geneva. In: Parkin DM, Whelan
SL, Ferlay J, Raymond L, Young J, editors. Cancer incidence
in five continents, vol. VII. Lyon: International Agency for
Research on Cancer; 1997, p. 666–9.
ARTICLE IN PRESS
Increased risk of AML after treatment for breast cancer 6199. World Health Organization (WHO), editor. ICD-O Interna-
tional classification of diseases for oncology, 1st ed.
Geneva: World Health Organization; 1976.
10. Coleman MP, Hermon C, Douglas A. Person-Years (PYRS). A
Fortran program for cohort study analysis. IARC Internal
Report 89/006, International Agency for Research on Cancer
(IARC), Lyon, 1989.
11. Andersen MK, Christiansen DH, Jensen BA, Ernst P, Hauge G,
Pedersen-Bjergaard J. Therapy-related acute lympho-
blastic leukaemia with MLL rearrangements following
DNA topoisomerase II inhibitors, an increasing problem:
report on two new cases and review of the literature since
1992. Br J Haematol 2001;114:539–43.12. Carli PM, Sgro C, Parchin-Geneste N, et al. Increase therapy-
related leukemia secondary to breast cancer. Leukemia
2000;14:1014–7.
13. Philpott NJ, Bevan DH, Gordon-Smith EC. Secondary
leukaemia after MMM combined modality therapy for breast
carcinoma. Lancet 1993;341:1289.
14. Cremin P, Flattery M, McCann SR, Daly PA. Myelodysplasia and
acute myeloid leukaemia following adjuvant chemotherapy for
breast cancer using mitoxantrone and methotrexate with or
without mitomycin. Ann Oncol 1996;7:745–6.
15. Saso R, Kulkarni S, Mitchell P, et al. Secondary myelodysplastic
syndrome/acute myeloid leukaemia following mitoxantrone-
based therapy for breast carcinoma. Br J Cancer 2000;83:91–4.
